Surgical treatment of extracranial internal carotid artery aneurysms  by Rosset, Eugenio et al.
Aneurysms of the extracranial internal carotid
artery (ICA) are defined as localized increases of cal-
iber of more than 50% as compared with the refer-
ence values, which are 0.55 ± 0.06 cm in men and
0.49 ± 0.07 in women at the level of the ICA and
0.99 ± 0.10 in men and 0.92 ± 0.10 in women at the
level of the carotid bulb.1 These lesions are rare.
Schechter2 found 853 cases in 820 patients, in a lit-
erature review from 1687 to 1977. Although 
atherosclerosis is the main cause of stenotic lesions
of the ICA, the causes of aneurysms are multiple and
include atherosclerosis and dysplastic, traumatic, and
infectious lesions.3 These aneurysms are not restrict-
ed to the carotid bifurcation, which demands a sim-
ple surgical approach, but may extend along the
whole ICA up to the site where it penetrates the
petrous bone.
At present, neurologic manifestations are the
most frequent revealing sign, whereas hemorrhages
or compression from giant aneurysms have almost
disappeared. The development of reconstructive
surgery of ICA lesions now allows surgical treatment
of all such lesions, even the most distal.4,5
The aim of this study was to report our experi-
ence in surgical management of aneurysms of the
extracranial ICA to illustrate the benefit of arterial
reconstruction in all cases.
PATIENTS AND METHODS
Between January 1980 and December 1997,
among 1936 carotid reconstructions, 25 (1.25%)
were performed for an aneurysm of the ICA. False
aneurysms as the result of previous operations are
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Methods: From 1980 to 1997, 25 ICA reconstructions were performed for EICA: 22
male patients and 3 female patients (mean age, 54.4 years). The cause was atherosclero-
sis (n = nine patients), dysplasia (n = 12 patients), trauma (n = three patients), and unde-
termined (n = one patient). The symptoms were focal in 15 cases (12 hemispheric, three
ocular), nonfocal in three cases (trouble with balance and visual blurring), and glos-
sopharyngeal nerve compression in one case. Six cases were asymptomatic, including
three cases that were diagnosed during surveillance after ICA dissection. In nine cases,
the upper limit of the EICA reached the base of the skull. A combined approach with an
ear, nose, and throat surgeon allowed exposure and control of the ICA.
Results: After operation, there were no deaths, one temporary stroke, two transient
ischemic attacks, and 11 cranial nerve palsies (one with sequelae). The ICA was patent
on the postoperative angiogram in all but one case. During follow-up (mean, 66
months), there were two deaths (myocardial infarction), one occurrence of focal epilep-
tic seizure at 2 months, and one transient ischemic attack at 2 years. In December 1998,
duplex scanning showed patency of the reconstructed ICA in all but one surviving
patient.
Conclusion: Surgical reconstruction is a satisfactory therapeutic choice for EICA, even
when located at the base of the skull. (J Vasc Surg 2000;31:713-23.)
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excluded from this report. Twenty-two cases
occurred in men and three cases occurred in women,
with a mean age of 54.4 years (range, 18-76 years).
Twelve of our patients had a localized neurologic
event: six strokes, six transient ischemic attacks, and
three retinal events (two transient amaurosis; one par-
tial amputation of the visual field). Three patients had
nonhemispheric symptoms (ie, equilibrium distur-
bances and blurred vision, probably without causal
relationship with aneurysms). One patient had dys-
phagia as the result of an isolated paralysis of the glos-
sopharyngeal nerve (IX), as the result of compression
of that nerve by an aneurysm located at the base of
the skull. Six aneurysms were asymptomatic; three of
these aneurysms were observed during routine mor-
phologic surveillance performed after a spontaneous
carotid dissection that initially had hemispheric symp-
toms in one case and hemicrania and Horner’s syn-
drome in two cases. Diagnosis was advocated in three
cases during an arteriography of the supra-aortic
trunks performed for occlusive lesions of the supra-
aortic trunk in two cases and for vertebral arteriove-
nous fistula in one case.
All patients underwent duplex-scan examination
and four-vessel arteriography. Duplex scanning advo-
cated the diagnosis of the aneurysm in only eight
cases. In three cases, duplex scanning identified a dis-
section of the ICA; in eight cases duplex scanning
identified a stenosis; and in six cases, duplex scanning
was considered normal. In all cases, the aneurysm was
identified by the arteriography. In 13 cases computed
tomography (CT) of the neck, with three-dimension-
al reconstructions in four cases, clearly outlined the
aneurysm of the extracranial ICA, which was located
at the base of the skull in 10 cases. Cervical magnetic
resonance imaging was performed in only three cases,
allowing a good assessment of the circulating part of
the ICA. The mean diameter of the aneurysms was
19.1 mm (range, 10-45 mm).
Twenty patients underwent brain CT scanning,
which was normal in 14 cases and showed an ipsilat-
eral ischemic lesion in six cases. Of these six cases,
four patients had undergone a cervical CT scan that
showed the presence of intraluminal thrombus in
the aneurysm.
The location of the lesions was defined according
to the division of the extracranial ICA in three topo-
graphic segments (Fig 1). Nine aneurysms were
located on the ICA between its origin and the
Blaisdell line, defined by the junction between the
angle of the jaw and the tip of the mastoid process
(first segment).6 Six aneurysms were located on the
second segment, corresponding to the retrostylian
space to 2 cm below the base of the skull. Ten
aneurysms were located in the third segment, corre-
sponding to the infratemporal fossa arising at the
base of the skull.
Nine aneurysms were of atherosclerotic origin.
Twelve aneurysms were dysplastic, including the
aneurysms that were the result of a spontaneous
carotid dissection; three aneurysms were the result
of a blunt trauma, and one cause was undetermined.
The incidence of the causes was different according
to the locations, as shown in Table I.
All aneurysms were treated surgically under gen-
eral anesthesia: 24 aneurysms were treated by
venous graft, and one sacciform aneurysm was treat-
ed by resection followed by closure with a patch. No
intraluminal shunting was used in any patient.
Lesions located in the retrostyloid space required
an approach by a presternocleidomastoid cervicoto-
my extended distally, with nasotracheal intubation
and subluxation of the mandibula. The cutaneous
incision was extended along the posterior border of
the mastoid process. The posterior belly of the
digastric muscle was transected at the level of its
intermediate tendon, exposing the structures
around the styloid process that are either bent aside
after fracture of the styloid process or resected.
For the lesions located at the base of the skull we
used an anterior infratemporal approach.7,8 The cuta-
neous incision follows a line with two curves from the
temporal region to the back of the ear and down to
the neck. The external auditory canal is cut. The trunk
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Table I. Cause of the aneurysm of the ICA, according to the location
Location/cause Atherosclerosis Dysplasia Trauma Unknown
Segment
1 8 0 0 1
2 1 5 0 0
3 0 7 3 0
TOTAL 9 12 3 1
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Fig 1. The division of the ICA in three segments: segment 1, the bicarotid region; seg-
ment 2, the retrostyloid region. The dashed oblique line (corresponding to the Blaisdell
line between the tip of the mastoid process and the angle of the jaw) separates segment 1
from segment 2; and segment 3, the infratemporal fossa before penetration into the base
of the skull.
and chin branch of the facial nerve is isolated. The sty-
loid process is resected, and the styloid muscles are
retracted. The mandibular condyle is luxated anterior-
ly. The facial nerve crosses the operating field and is
not mobilized to avoid a postoperative severe paraly-
sis. The mastoid process is reduced, as is the vaginal
process of the styloid bone, to expose the first vertical
intrapetrous segment of the ICA. Using this tech-
nique, we have treated 10 aneurysms located at the
base of the skull, of which seven aneurysms were dys-
plastic and three aneurysms were traumatic (Fig 2).
All patients underwent postoperative angiogra-
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Fig 2. A, An exposure of the distal ICA after drilling the vaginal process of the tympanal bone
and the tip of the mastoid process. A special retractor maintains mandibular subluxation. B, An
inferior view of the base of the skull, showing the extended bone resection and exposure of the
carotid artery. 1, Facial nerve; 2, area of mastoid process drilling; 3, area of vaginal process
drilling; 4, glenoid cavity; 5, jugular foramen.
A
B
phy between day 8 and 30 after the procedure, and
follow-up occurred at 6-month intervals. All patients
were recalled for a duplex scan in December 1998.
The mean follow-up time was 66 months (range,
12-150 months).
RESULTS
The 30-day postoperative mortality rate was
zero; we observed one transient stroke (as the result
of an embolic complication) and two transient
ischemic attacks, one of which was due to a clamp-
ing period of more than 60 minutes. Eleven cranial
nerve palsies were also observed: Ten of these palsies
were transient facial paralyses, as the result of an
infratemporal approach, and one of these palsies was
a permanent glossopharyngeal paralysis. In all cases
the facial paralysis was partial, preserving the closure
of the eyelid, and disappeared totally within 12
months (range, 1-12 months; mean, 6.7 months).
Twenty-four reconstructions were patent on the
postoperative angiogram. One patient with a post-
dissection aneurysm that was located at the base of
the skull had an asymptomatic postoperative occlu-
sion of the venous graft.
With a mean follow-up time of 66 months
(range, 12-150 months), we observed two deaths
from myocardial infarction, at 6 months and 6 years
after surgery. The first patient also had atheroscle-
rotic aneurysms of the abdominal aorta and of both
hypogastric and popliteal arteries. The second
patient had an isolated dysplastic aneurysm of the
ICA. Two months after the operation, one patient
experienced an epileptic crisis, as a result of a preop-
erative stroke; another patient had a transient ipsilat-
eral stroke from a cardiac embolus 2 years after the
intervention. After these symptoms, both patients
were symptom free.
In the 22 patients reviewed in 1998, duplex
ultrasound scanning showed satisfactory results in
the reconstruction, including the graft of the patient
who had neurologic symptoms. The patient with
postoperative graft occlusion was symptom free at
the 14-month follow-up.
DISCUSSION
Aneurysms of the extracranial ICA are rare.
Zwolak et al9 encountered 24 atheromatous
aneurysms of the ICA in a period of 25 years; and
the experience of Thévenet, reported by Moreau et
al,10 comprises 38 cases in a period of 24 years,
although 2000 carotid reconstructions were per-
formed in the same period (1.9%). The preponder-
ance of men is clear in the literature, with a
male/female sex ratio of 2:1.3 The age of occurrence
is less than that for stenotic lesions, 56 years accord-
ing to McCann3 and 53 years (range, 18-70 years)
in our experience. The different causes and especial-
ly the traumatic lesions explain the relatively young
age of this population.
Before the introduction of antibiotics, infection
was the main cause. The studies published in the
1970s and 1980s show that primary infection has
become an exceptional cause of an aneurysm of the
ICA, whereas atherosclerosis, even though rare, has
become the most frequent cause. In 1986, Zwolak
et al9 reported a series of 24 atheromatous
aneurysms, representing 46% of all aneurysms of the
ICA encountered during that period. In a review of
the literature published between 1972 and 1985,
McCann3 noted the predominance of atheromatous
aneurysms (relative frequency, 53%).
In the most recent publications that report the
experience of Moreau et al10 (published in 1994)
and ours (Table II), dysplastic lesions appeared to be
the main cause of aneurysms of the ICA. In these
two series, the dysplastic lesions may be single or
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Table II. Cause of extracranial carotid aneurysms
Postoperative
Cases Atherosclerosis Dysplasia Trauma Infection aneurysms Unknown 
Study Year (n) (n) (n) (n) (n) (n) (n)
Rhodes et al11 1976 21 15 0 3 0 3 0
McCollum et al12 1979 37 16 0 2 0 19 0
Busuttil et al13 1980 19 5 0 6 1 5 2
Zwolak et al9 1984 24 24 0 0 0 0 0
Painter et al14 1985 6 6 0 0 0 0 0
De Jong et al15 1989 18 12 3 0 1 2 0
Petrovic et al16 1991 8 5 1 0 1 1 0
Moreau et al10 1994 38 12 14 6 1 0 5
Coffin et al17 1997 15 3 9 3 0 Excluded 0
Personal experience 1999 25 8 13 3 0 Excluded 1
associated with a spontaneous dissection of the ICA,
which may develop into an aneurysmal lesion. In
that case, Moreau et al10 stressed the impossibility of
discerning a spontaneous dissection from a previous
dysplasia.
The increase in frequency of aneurysms of dys-
plastic origin is undoubtedly due to the systematic
morphologic surveillance performed after sponta-
neous carotid dissections. The evolution of these
lesions towards spontaneous reopening or towards
an aneurysmatic lesion is classic,18 whereas the exact
frequency of aneurysms is difficult to assess.
Systematic morphologic surveillance by means of
angiography or CT angiography 3 to 6 months after
the occurrence of a carotid dissection allows detec-
tion of an aneurysmatic development, which is
important to recognize because of the risk of
emboli.19
The traumatic lesions are a relatively forthcom-
ing cause, probably increasing in frequency.
McCann3 estimated their incidence at 13% of the
ICA aneurysms, and the series that reported the
experience of Thévenet showed almost 16%.10 In
our experience, we observed three cases of traumat-
ic origin in 25 aneurysmatic lesions (12%). It is
important to investigate systematically, with the use
of angiography or CT angiography, all patients who
are suspected to have a traumatic lesion of the ICA,
despite the relative rareness of these lesions. Alimi et
al20 identified 155 cases of traumatic lesions of the
distal ICA, published in the English or French liter-
ature in a period of 15 years. They stressed that a
certain number of lesions will remain undetected in
a polytraumatized situation.
Duplex ultrasound scanning is the most simple
investigation, but this may fail if the lesion is located
high, especially if the patient has a short neck or
when the examination is focused on stenosis diag-
nostic. Arteriography most often provides the diag-
nosis of the lesion, specifies the localization, and
detects any associated lesion, stenosis, or wall irreg-
ularities inducing a carotid dysplasia (Fig 3).
Enhanced CT scanning with three-dimensional
reconstruction allows analysis of the aneurysm
(appreciating the upstream and downstream ICA)
and assesses the possible existence of a false lumen
channel, representing the existence of a previous
dysplastic or traumatic dissection. Analysis of the
slices at the osseous window allows the assessment of
the distance between the upper limit of the
aneurysm and the temporal bone (Fig 4). The two-
dimensional magnetic resonance inflow angiography
technique with reconstruction yields a good opacifi-
cation of the ICA, but the lesion may be underesti-
mated in case of partially or completely thrombosed
aneurysm. Currently, CT scanning with reconstruc-
tion is the most sophisticated examination available
and gives the most information. The postoperative
occlusion that we observed was related to a lesion
with a false lumen channel extended in the
intrapetrous segment of the ICA. Because of poor
analysis of preoperative CT scanning, this lesion was
certainly underestimated. Despite our lack of experi-
ence with such a technique, we believe that a supra-
clinoidal approach21 would have allowed a good
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Fig 3. Angiogram of a dysplastic aneurysm located at seg-
ment 2. Arrows show irregularities, suggesting parietal
clot and dysplastic lesions.
Table III. Results of conservative treatment
Cases Death and strokes
Study Year (n) (%)
Winslow22 1926 109 71
Busutill et al13 1980 6 0*
Zwolak et al9 1984 6 50
De Jong et al15 1989 6 16†
*One amaurosis fugax.
†One death from acerebral hemorrhage under oral anticoagulant
treatment.
reconstruction of the ICA in this case.
The spontaneous progression of ICA aneurysms
is associated with a higher risk of mainly throm-
boembolic neurologic complications. Conservative
treatment is based on anticoagulation. Data from the
literature show that this treatment is either inefficient
with persistence of the neurologic risk or dangerous
because of the risk of hemorrhages (Table III).
Because of the mainly thromboembolic neuro-
logic complications and the technical difficulties of
surgical revascularizations, ligature of the ICA has
frequently been proposed and performed. However,
ligature of the ICA is accompanied with a substan-
tial short-term neurologic morbidity rate (Table IV),
regardless of its immediate or progressive realiza-
tion. A literature search by McCann3 showed a
stroke risk of 25% and a mortality rate of 20% in the
follow-up of an ICA ligature. Moreover, the long-
term follow-up of patients with a carotid occlusion is
also accompanied with a substantial neurologic mor-
bidity rate.26,27 To palliate the deleterious long-term
effects of carotid occlusions, the application of
extraintracranial anastomoses has been proposed,28
but this technique has not demonstrated its effec-
tiveness.29 Hence, a surgical revascularization
appears legitimate as the first choice for all patients
with an aneurysm of the ICA.
The most frequently used reconstruction proce-
dure is the carotid venous graft, which we have used
in 24 of 25 cases. Some sacciform aneurysms may be
treated by resection followed by closure with a
patch, which was once the case in our series. The dif-
ficulty of arterial reconstruction is conditioned by
the size of the lesion, but especially by its localiza-
tion. Aneurysms in the bicarotid region or in the ret-
rostyloid space require exposure procedures that can
be performed by a trained vascular surgeon. Access
to the last segment of the ICA is possible with the
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Table IV. Results of ligation of extracranial ICA
Cases Stroke
Study Year Indication (n) n %
Nishioka23 1966 Intracranial aneurysm 34 20 59
Leikensohn24 1978 Ruptured ICA 20 10 50
Schechter25 1979 Aneurysm ICA NA NA 34.3
McCollum et al12 1979 Aneurysm ICA 4 1 25
Busutill et al13 1980 Aneurysm ICA 3 2 66
Coffin et al17 1997 Aneurysm ICA 3 0* 0
NA, Not available.
*One transient ischemic attack.
Table V. Results of surgical treatment within 30 days of operation
Permanent 
Aneurysms nerve 
treated by Deaths Stroke Occlusions palsies
Study Year surgery (n) n % n % n % n %
Rhodes et al11 1976 18 0 0 1 5.5 NA — 3 16.5
McCollum et al12 1979 24 1 3.6 2 8.3 NA — NA —
Busuttil et al13 1980 10 0 0 1 10 NA — NA —
Mokri et al37 1982 7 0 0 0 0 0 0 3 42
Zwolak et al9 1984 18 0 0 1 5.5 NA — 3 16
Painter et al14 1985 6 0 0 1 16 1 16 0 0
De Jong et al15 1989 11 0 0 0 0 NA — 1 9
Petrovic et al16 1991 6 0 0 0 0 NA — 1 16.6
Moreau et al10 1994 37 1 2.6 2* 5.2 1 2.6 1 2.7
Schievink36 1994 13 0 0 1† 7.7 3 23 1 7.7
Coffin16 1997 15 0 0 0 0 0 0 1 6.6





use of specific techniques that are usually performed
by ear, nose, and throat surgeons or neurosurgeons,
allowing control of the facial nerve and different
trepanations of the petrous bone.
In 1980, Fish et al30 described an approach, at
the cost of the sacrifice of the middle ear, that
allowed the treatment of lesions to the level of the
ICA siphon in the petrous bone. The route
described by Purdue et al31 allows a posterior tan-
gential approach of the distal ICA, but the omission
of the subluxation of the mandibula anteriorly com-
plicates the distal anastomosis, and the mobilization
of the facial nerve leads to long-lasting facial paraly-
sis. The approach described by Pech et al32 in 1983
allows good exposition of the ICA in its vertical
intrapetrous segment, but the retraction of the facial
nerve causes a slow-to-reverse paralysis and may
have lasting after effects. The infratemporal
approach that we report here has resulted in the
absence of lesions of the middle ear and permanent
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Fig 4. A, An angiogram of a traumatic aneurysm located at the base of the skull in a 24-year-
old man. B, CT scan with three-dimensional reconstruction. The lateral reconstruction shows




Certain delays before revascularization should be
taken into account, depending on the nature of the
lesions and the clinical picture. In the case of a post-
traumatic or postdissection aneurysm, a postpone-
ment of at least 3 months between the occurrence of
the lesions and the revascularization is preferable, to
allow the performance of a distal anastomosis on
sclerotic and recovered scar tissues. After a neuro-
logic event, one should also wait for the absence of
recent cerebral lesions on CT scanning or an arbi-
trary delay of 6 weeks with stable neurologic sta-
tus.33 This rule is even more important when the
carotid clamping times during operation are long
and when the placement of a shunt, if possible,
remains problematic.
Some cases of endoluminal treatment of high
ICA aneurysms have been reported, but the scarcity
of the publications and, particularly, the absence of
long-term results do not allow an objective evalua-
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Fig 4 Cont’d. C, Follow-up angiogram after reconstruction. Venous graft was performed through an
infratemporal approach.
C
tion of this technique.34,35 The impossibility of sur-
gical conversion in case of complications during or
after the procedure is rather an argument against this
procedure, especially in lesions localized distally.
Furthermore May et al36 reported a case of an endo-
luminal repair of ICA aneurysm that resulted in
peripheral embolization and early occlusion of the
endograft.
The results of reconstructive surgery, as they
appear in recent series, support the indications of
this treatment. A meta-analysis of the short-term
results shows a mortality risk of 1.2%, a stroke risk of
6%, and a cumulative morbidity-mortality risk of
7.2% (Table V). The results are slightly inferior to
those generally presented for surgery of carotid
stenoses, which may be explained by the technical
difficulties as the result of the usually high localiza-
tion of the aneurysmatic lesions. The long-term
results reported in the literature also show a lasting
neurologic result with a low stroke risk8,9,11-16 and a
satisfactory patency.9,16
Aneurysms of the ICA are rare lesions with a
diverse cause. A better knowledge of these lesions
and the use of modern imaging techniques explain
the current relative increase in frequency. The
improvement of revascularization techniques and
surgical access allow reconstruction of these lesions,
irrespective of the mechanism and localization. The
satisfactory results of reconstructive surgery justify
an aggressive attitude, both towards the detection
and diagnosis of posttraumatic lesions and the indi-
cation to operate.
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